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[57] ABSTRACT

A memory card includes a plurality of nonvolatile
memories, each having a pad for applying a busy signal
indicating that a respective memory is busy and a circuit
for coupling the busy signal to the pad. The pad of each
memory is coupled to a node external to the memories.
A resistive circuit is used for coupling a first voltage to
the node. When each of the memories does not output
the busy signal at the pad, the node assumes a first volt-
age. When the pad of at least one of the memories out-
puts the busy signal, the node assumes a ground voltage.
An output pin is used for supplying a card busy output
signal when at least one of the memories is indicated
busy and an input pin is coupled to the node for receiv-
ing the card busy output signal at the node. A pass logic
is coupled to the input and output pins for passing the
card busy output signal directly from the input pin to
the output pin. Each of the memories also includes an
input pad for receiving a global power down control
signal and a register for receive a software power down
control signal. A logic gate is used to allow either of the
signals to pass.

18 Claims, 5 Drawing Sheets
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NONVOLATILE MEMORY CARD WITH READY
AND BUSY INDICATION AND PIN COUNT
- MINIMIZATION

FIELD OF THE INVENTION

The present invention pertains to the field of com-
puter memories. More particularly, this invention re-
lates to an electrically erasable and programmable float-
ing gate nonvolatile memory card with ready and busy
indication and pin count minimization such that cir-
cuitry of the card control logic of the memory card is
simplified and the speed of the memory card is in-
creased.

BACKGROUND OF THE INVENTION

Prior art personal computer systems typically employ
removable data storage media. One common prior art
removable storage medium is a floppy disk. A relatively
new prior art storage medium is an integrated circuit-
based memory card (“IC memory card”).

Prior art flash erasable and electrically programma-
ble read-only memory (“flash EPROM™)is nonvolatile
and reprogrammable, and this has permitted the flash
EPROM technology to be used for removable data
storage. One such prior art application is the flash
EPROM memory card (“flash memory card”). The

flash memory card typically includes a2 number of flash:

EPROMs. The flash memory card can be erased and
programmed electrically.

FIG. 1 illustrates a prior art flash memory card 10. As
can be seen from FIG. 1, flash memory card 10 includes
a memory array 11 and a card control logic 15. Memory
array 11 includes a number of flash EPROMs 1lq
through 11n. Card control logic 15 interfaces memory
array 11 with external host computer.

As can be seen from FIG. 1, each of flash EPROMs
11a-11n typically includes a ready/busy output pin
RY/BY. Ready/busy RY/BY is the ready/busy indica-
tor of each of flash EPROMs 11a-11xn. A logical high
RY/BY output of a flash EPROM indicates a “ready”
condition or mode for the flash EPROM (1.e., ready to
accept an operation). A logical low RY/BY output
indicates a “busy” condition or mode for the flash
EPROM. Typically, a flash EPROM includes a control
circuit that controls the memory operations of the flash
EPROM. The “busy” condition or mode for the flash
EPROM means that the control circuit of the flash
EPORM is presently busy in performing the program-
ming Or erasure operation.

As also can be seen from FIG. 1, card control logic 15
includes ready/busy registers 16 and associated gating
logic (not shown) for applying a card ready/busy out-
put signal RDY/BSY to the external circuitry. The
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number of registers 16 corresponds to the member of 55

flash EPROMs 11g-117 in memory array 11. Each of
registers 16 receives a ready/busy RY/BY signal from
the RY/BY output of the corresponding flash EPROM.

A signal line (i.e., one of signal lines 12a through 12n)is
connected between one of registers 16 and the RY/BY
output pin of the respective flash EPROM f{or transfer-
ring the RY/BY signal to that register from the associ-
ated flash EPROM.

The provision of the ready/busy registers in the card
control logic to store the ready/busy RY/BY signal
from each of the flash EPROMs allows the card control
logic to selectively mask out the ready/busy RY/BY
signal from any one of the flash EPROMs inside the
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prior art flash memory card. As is known, the RY/BY
signal of a flash EPROM is an active low signal when
the control circuit of the flash EPROM is busy perform-
ing either a programming operation Or an erasure opera-
tion. However, the time for the programming operation
is typically much less than that for the erasure _opera-
tion. Therefore, the busy indication of the RY/BY sig-
nal can be ignored (i.e., masked) when the respective
flash EPROM is undergoing the programming opera-
tion. When the RY/BY signal of a particular flash
EPROM is masked, then the ready/busy status of that
particular flash EPROM will have no effect on the card
ready/busy output RDY/BSY of the card control logic.
The mask function is typically accomplished by the
gating logic (not shown) associated with the ready/-
busy registers.

In addition, card control logic 15 of prior flash mem-
ory card 10 of FIG. 1 also includes power control regis-
ters 17, each storing the power control signal PWD for
its respective one of flash EPROMs 11¢-11n. A signal
line (i.e., one of signal lines 13a-13r) 1s connected to one
of power control registers 17 and its respective one of
flash EPROMSs 11¢-11#n for supplying the power con-

_ trol signal PWD to the respective flash EPROM.

One disadvantage of the prior flash memory card 1s
that the flash memory card typically requires separate
signal lines to transfer the individual ready/busy
RY/BY signals to the ready/busy registers inside the
card control logic. This typically causes the pin count
of the card control logic to increase which typically
occupies large die space of the card control logic. In
addition, the card control logic needs to provide the
ready/busy registers to latch the individual ready/busy
signal from each of the flash EPROMSs. This typically
occupies relatively large die space of the card control
logic and complicates the logic of the card control
logic. Moreover, the software running in the card con-
trol logic is typically complicated. This is because dur-
ing a normal memory operation, both (1) the attribute
memory region of the flash memory card that contains
the ready/busy registers and (2) the common memory
region of the card that includes the flash EPROMs need
to be accessed.

Furthermore, the prior art scheme of providing the
individual power control signal PWD as shown in FIG.
1 also bears the disadvantage of excessive pin count for
the card control logic and complex logic in the card
control logic. As shown in FIG. 1, power control regis-
ters 17 includes a number of registers such that each of
flash EPROMSs 11¢-117 receives an individual power
control PWD signal.

SUMMARY AND OBJECTS OF THE
INVENTION

One of the objects of the present invention is to re-
duce the pin count of a card control logic of a nonvola-
tile memory card.

Another object of the present invention is to simplify
the circuitry of a card control logic of a nonvolatile
memory card.

Another object of the present invention is to simplify
the software running in the card control logic of the
nonvolatile memory card.

Another object of the present invention is to provide
a nonvolatile memory card with a simplified card con-
trol logic and reduced the number of pins of the card
control logic.
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A further object of the present invention is to provide
a stmplified card control logic of a nonvolatile memory
card that allows fast access to the nonvolatile memories
inside the card through the card control logic.

A still further object of the present invention is to
reduce the number of pins of the card control logic of a
nonvolatile memory card so as to allow the nonvolatile
memory card to contain more nonvolatile memories.

A nonvolatile memory is described that includes a
memory array. A control circuit is coupled to the mem-
ory array for controlling memory operations with re-
spect to the memory array. An output pad is used for
applying a signal to an external circuit indicating that
the control circuit is busy with respect to one of the
memory operations. A circuit is used for coupling the
signal to the output pad by connecting the output pad to
ground. The circuit includes an open drain transistor
circuit coupled between the output pad and ground.
The circuit includes an open drain transistor circuit
coupled between the output pad and ground such that
the output pad can be tied together with an output pad
of another nonvolatile memory.

A memory card for use in a computer system is de-
scribed that includes a plurality of nonvolatile memo-
ries. Each of the memories further comprises a pad for
applying a busy signal indicating that one of the memo-
ries 1S busy with respect t0 a memory operation and a
circuit for coupling the busy signal to the pad by cou-
pling the output pad to ground. The circuit includes an
open drain transistor circuit coupled between the out-
put pad and ground. The pad of each of the memories is
coupled to a node external to the memories. A resistive
circuit is used for coupling a first voltage to the node.
When each of the memories does not output the busy
signal at the pad, the node assumes a voltage which is
approximately equal to the first voltage. When the pad
of at least one of the memories outputs the busy signal,
the node assumes a ground voltage. A card control
logic is coupled to the memories for interfacing the
memories with an external circuit that further includes
an output pin for supplying a card busy signal to the
external circuit when at least one of the memories is
indicated to be busy with respect to the memory opera-
tion and an input pin coupled to the node for receiving
the card busy signal at the node. The input pin receives
the card busy signal when the node assumes the ground
voltage A pass logic 1s coupled to the input and output
pins for passmg the signal directly from the input pm to
the output pin such that the card control logic has mini-
mized pin count.

The nonvolatile memory further includes an input
pad for receiving a global power down control signal
and a power down control register for receiving a soft-
ware power down control signal. A logic gate is cou-
pled to allow either of the signals to be applied to the
control circuit such that the nonvolatile memory can be
powered off by one of the global power down control
signal and the software power down control signal. The
card control logic has a single output pin that applies
the global power down control signal to the input pad
of each of the nonvolatile memories such that the card
control logic has minimized pin count to enable high
storage capacity.

Other objects, features, and advantages of the present
invention will be apparent from the accompanying
drawings and from the detailed description that follows
below.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of exam-
ple and not limitation in the figures of the accompany-
ing drawings, in which like references indicate similar
elements and in which:

FIG. 1is a block diagram of a prior art flash memory
card that includes ready/busy registers in a card control
logic of the card;

FIG. 2 1s a perspective view of a flash memory card;

FIG. 3 shows block diagram of the flash memory
card of FIG. 2, which includes a plurality of flash
EPROMs and a card control logic with a minimized pin
count and without ready/busy registers in the card
control logic;

FIG. 4 1s an illustration of the flash memory card of
FIG. 3 with respect to the card ready/busy signal gen-
eration;

FIG. 5 i1s a circuit diagram of one of the flash
EPROMs of FIGS. 3-4, including the circuit to gener-
ate and apply the individual ready/busy RY/BY signal
and the circuit for generating the power down control
signal PWD.

DETAILED DESCRIPTION

FIG. 2 is a perspective view of a flash memory card
40. Inside plastic case 42 of flash memory card 40 there
are a plurality of flash EPROMs (not shown in FIG. 2)
for storing data at addresses. Alternatively, plastic case
42 can be a metal case. Flash memory card 40 is inserted
to a slot 47 of a personal computer 50 for a memory read
or write operation.

Card 40 includes connector 45 located on one side of
card 40 to connect card 40 to personal computer 50
when the connector 45 is inserted into slot 47. Card 40
also includes a write protection switch (“WPS”) 43.

Computer 50 can be a portable computer, a laptop
computer, a desk-top computer, a workstation, a mini-
computer, a mainframe, or any other type of computer.
Computer 50 includes a central processing unit, 2 mem-
ory, and other peripheral devices (all are not shown).

FIG. 3 1s a block diagram of flash memory card 40 of
FIG. 2. Flash memory card 40 includes a memory array
60 that includes a plurality of flash EPROMs 62«
through 62j and 63a through 63, each of which includes
memory cells that store data at addresses. For one em-
bodiment, memory array 60 includes twenty flash
EPROMs.

As will be described below in more detail, flash mem-
ory card 40 supplies a card ready/busy output
RDY/BSY signal to an external host computer without
requiring ready/busy registers in the card control logic.
Moreover, the input pin count of the card control logic
is minimized. The ready/busy RY/BY output pin of
each of flash EPROMSs 623-62;j and 632-63; is tied to-
gether to a power supply voltage via a resistor. An open
drain transistor is used in each of flash EROMs 62a-62;
and 63a-63/ to connect between the ready/busy
RY/BY output pin of each of flash EPROMs 622-62;
and 63a-63j and ground. In each of flash EPROMs
62a-62j and 63a-63;, a control reglster is used to cause
the ready/busy RY/BY output pm to output a busy
signal by connecting the RY/BY pin to ground via the
open drain transistor. Each of flash EPROMs 62¢-62j
and 63a-63;j can mask the ready/busy RY/BY signal by
not writing to the control register the busy indication of
the flash EPROM.
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For other embodiments, memory array 60 may in-
clude more or fewer than twenty flash EPROMs. For
example, memory array 60 may include two to eighteen
flash EPROM:s.

For one embodiment, flash memory card 40 can store
40 megabytes (“Mbytes”) of data. For other embodi-
ments, flash memory card 40 can store more than 40

Mbytes of data. For example, flash memory card 40 can
store 64 Mbytes of data.

For one embodiment, each of flash EPROMs 62a-62
and 63a-63j can store sixteen Mbits (i.e., megabits) of

data. For other embodiments, each of flash EPROMs
62a-62j and 63a-63j of memory array 60 stores more or
fewer than sixteen Mbits of data.

Each of flash EPROMs 624¢-62j and 63¢-63; within
memory array 60 includes address inputs ADDRESS
and data pins DATA. Addresses are latched into each
of flash EPROMs 62a-62j and 63a-63; via the respec-
tive address inputs. Data are latched through the data
pins of each of flash EPROMSs 63¢-62j and 63a-63;.

Each of flash EPROMs 624-62j and 634-63;j includes
a write enable input pin WE, an output enable input pin
OE, and a chip enable input pin CE. The WE, OE, and
CE inputs are each active low. Chip enable CE is the
device select for each of flash EPROMs 62¢-62j and
63a-63j and is used for device selection. Output enable
OE is the output control for each of flash EPROMs
62a-62j and 63¢-63j and is used to gate data from the
data pins. A logic low WE input to a particular flash
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EPROM allows that flash EPROM to be written to if 30

the CE input for that flash EPROM is logically low.

Each of flash EPROMs 622-62j and 63a-63j also
includes a program/erase power supply voltage mput
VPP, a device power supply input Vcc, and a Vgs
input. For one embodiment, flash EPROMs 60 require
V pp to be approximately 12.0 volts. Vss1s ground.

In absence of a high (i.e., 12 volts) V pp voltage ap-
plied to a respective one of flash EPROMs 622¢-62j and
63a-63;j, the flash EPROM acts as a ready-only mem-
ory. When a 12 volt V pp voltage is applied to a respec-
tive one of flash EPROMs 62q-62j and 63a-63j, the
contents of that flash EPROM can be erased by an
erasure operation and the device may then be repro-
grammed with new data via a programming operation.
Each of flash EPROMs 62a-62j and 63a¢-63;j includes a
control circuit (shown in FIG. §) that performs the
erasure and programming operations. The control cir-
cuit will be described in more detail below, in conjunc-
tion with FIG. S.

Referring again to FIG. 3, each of flash EPROMs
62a-62j and 63¢-63j also includes a power down pin
PWD. Power down pin PWD for a flash EPROM is the
power down mode control. When the power down
PWD signal at one of flash EPROMs 624-62;j and
63a-63;j is a logical low level, that flash EPROM enters
the power down mode.

Each of flash EPROMs 623-62j and 63a-63; also
includes a ready/busy output pin RY/BY. Ready/busy
RY/BY is the ready/busy indicator of each of flash
EPROMs 622-62j and 63q-63j. A logically high
RY/BY output of a flash EPROM indicates a “ready”
condition or mode for the flash EPROM (i.e,, ready to
accept an operation). A logically low RY/BY output
indicates a “busy” condition or mode for the flash
EPROM (i.e., the control circuit is presently busy).

Referring to FIG. 5, a block diagram of a flash
EPROM 80 is shown with respect to the ready/busy
indication of the flash EPROM. Filash EPROM 80 can
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6 |
be any one of flash EPROMs 62¢-62j and 63a-63; of
FIG. 3. As shown in FIG. 5, flash EPROM 80 includes
a memory array 81 that includes memory celis for stor-
ing data at addresses. Flash EPROM 80 also includes a
control circuit 82 for controlling memory operations of
memory array 81. Control circuit 82 receives addresses,
control signals, and/or data to perform a memory oper-
ation with respect to memory array 81. The memory
operations of flash EPROM 80 may include read, pro-
gramming, and erasure operations.

Flash EPROM 80 also includes a ready/busy control
register 83 and a transistor 85. Ready/busy control
register 83 is connected to control circuit 82 and the
gate of transistor 85. For one embodiment, transistor 85
is an N-channel field effect transistor. For alternative
embodiments, transistor 85 may be other types of tran-
S1Stors.

Transistor 85 has its source connected to ground and
its drain connected to a ready/busy output pad RY/BY
84. As described above with respect to FIG. 3, each of
flash EPROMs 62a-62j and 63a2-63; includes a ready/-
busy output pin RY/BY. Therefore, RY/BY pad 84 is
the ready/busy output pin and the ready/busy indicator
of flash EPROM 80. RY/BY pad 84 is used to indicate
whether flash EPROM 80 is ready or busy. For exam-
ple, when RY/BY pad 84 is connected to ground by
transistor 85, it indicates a busy condition of flash
EPROM 80. When RY/BY pad 84 is not connected to
ground by transistor 85, it indicates a ready condition of
flash EPROM 80. As can be seen from FIG. 5, ready/-
busy control register 83 controls transistor 8> to con-
nect pad 84 to ground.

During operation, control circuit 82 generates a rea-
dy/busy indication signal to ready/busy control regis-
ter 83. Ready/busy control register 83 uses the indica-
tion signal to control turning on transistor 85. When the
indication signal stored in register 83 is in logical high
state, transistor 85 is turned on which connects RY/BY
pad 84 to ground.

For one embodiment, control circuit 82 generates a
logical low ready indication signal to ready/busy con-
trol register 83 when control circuit 82 is in the “ready”
condition, and generates a logical high busy indication
signal to register 83 when control circuit 83 is in the
“busy” condition. For one embodiment, control circuit
83 is in the “ready” condition when flash EPROM 80 1s
not undergoing the programming and erasure opera-
tions, and is in the “busy” condition when flash
EPROM 80 is undergoing the programming or erasure
operation. For another embodiment, control circuit 83
indicates that it is in the “busy” condition only when
flash EPROM 80 is undergoing the erasure operation.

Control circuit 82 can mask the ready/busy indica-
tion signal. For example, when control circuit 82 out-
puts a logical high “busy” indication, the “busy” indica-
tion can be masked out by a data stored in a mask regis-
ter (not shown in FIG. 5) inside control circuit 82.

Ready/busy register 83 can output a pulsed ready/-
busy indication signal or a level state ready/busy indica-
tion signal. When ready/busy register 83 outputs the
pulsed ready/busy indication signal, the ready/busy
RY/BY output signal at RY/BY pad 84 is also a pulse
signal. This allows pad 84 not to hold a common node
low for a relatively long time when pad 84 is ANDed at
the common node with the RY/BY pad of other flash
EPROM:s. In addition, the pulsed logical low busy indi-
cation at RY/BY pad 84 allows the output indication
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signal of flash EPROM to be redefined to mean “Event
Complete” or “Operation Complete.”

When ready/busy control register 83 receives a logi-
cal high busy indication signal, transistor 85 is turned on
and pad 84 is connected to ground. In this case, pad 84
indicates that flash EPROM 80 is presently busy. When
register 83 receives a logical low ready indication sig-
nal, transistor 85 is turned off and pad 84 floats. This
causes pad 84 to be in a high impedance state. In this
case, pad 84 indicates that flash EPROM 80 is presently
ready.

Since pad 84 is in the high impedance state when it
indicates that flash EPROM 80 is presently ready,
power consumption of flash EPROM 80 is reduced. In
addition, the open drain connection of transistor 85 in
flash EPROM 80 and the capability of control circuit 82
to mask out the ready/busy indication inside flash
EPROM 80 makes it possible for pad 84 to be logical
AND tied together with the ready/busy RY/BY pad of
other flash EPROMs to generate a card ready/busy
indication signal. This simplifies the logic in an external
card control logic (which will be described below) to
generate the card ready/busy RDY/BSY signal and
reduces the input pin count of the card control logic.
The RY/BY pads of flash EPROMs are AND tied
together to generate the card ready/busy RDY/BSY
signal. When all of the RY/BY pads are at logical high
state, the card ready/busy RDY/BSY signal is logically
high. When at least one RY/BY pad of the flash
EPROMs 1s at logical low state, the card ready/busy
RDY/BSY signal is logically low. This will be de-
scribed in more detail below, in connection with FIGS.
3 and 4.

Retuming to FIG. 3, flash memory card 40 further
includes card control logic 70. Card control logic 70
interfaces between card pins of flash memory card 40
and flash EPROMs 624-62j and 63a—63j. Card control
logic 70 provides control logic for flash memory card
40. Card control logic 70 receives addresses, data, con-
trol signals, power and ground. Card control logic 70 in
turn (1) facilitates control of reading, erasing, and pro-
gramming with respect to flash EPROMs 624¢-62j and
63a-63/, (2) facilitates control of the use of electrical
power within flash memory card 40, (3) facilitates con-
trol of the sending out to the external host computer
(not shown) card information structure data with re-
spect to flash memory card 49, and (4) facilitates control
of the sending out to the host computer status informa-
tion regarding flash memory card 440.

Flash memory card 40 includes data pins CDATA.
Data pins CDATA are coupled to card control logic 70.
~ Flash memory card 40 receives card enable inputs
CE; and CE; and card output enable input OE. Card
enables CE] and CE; are chip selects for selecting flash
EPROMs 62a-62j and 63a-63;j. Card output enable OE
is the output control of the card. The OE signal is pro-
cessed by card control logic 70 to become the COE
signal.

Flash memory card 40 also includes a card write
enable pin WE. The card write WE controls writes to
card control logic 70 and flash EPROMSs 62a-62j and
63a-63;. The WE is processed by card control logic 70
to become a CWE signal which is coupled to the WE
input of each of flash EPROMSs 62¢-62/ and 63a-63; via
line 68.

Flash memory card 40 includes an active low register
memory select input pin REG. The REG signal controls
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8
the operation to either flash EPROMs 62a4-62; and
63a-63j or card control logic 70.

Flash memory card 40 also includes a write protec-
tion output pin WP. When the WP pin is at active high
voltage, all write operations to the card are disabled.

V cc1s the card power supply for flash memory card
40 and Vppi1s the card program/erase power supply.
Vssis ground. For one embodiment, card power supply
Ve of flash memory card 40 is approximately 5 volts.
For another embodiment, card power supply Vcc is
approximately 3.0 volts. For one embodiment, the card
program/erase power supply of flash memory card 490 is
approximately 12 volts.

Card control logic 70 also includes a power control
logic 71. Power control logic 71 outputs a power con-
trol signal CPWD to the PWD pin of each of flash
EPROMs 62a-62j and 63a-63; via a single signal line 69,
When power control logic 71 generates a power down
CPWD signal on line 69, each of flash EPROMs 60
recetves the signal at its PWD pin that causes each of
flash EPROMs 62a-62j and 63a-63;j to be in the power
down mode in which power consumption of each of
flash EPROMs 60 1s significantly reduced.

Flash memory card 40 also includes a card ready/-
busy output pin RDY/BSY. The card ready/busy
RDY/BSY output indicates whether the card is busy or
ready. The card ready/busy output pin RDY/BSY is
one of the output pins of card control logic 70. Card
control logic 70 generates the card ready/busy output
RDY/BSY signal based on the ready/busy output
RY/BY of each of flash EPROMSs 622-62j and 63a-63j.
As can be seen from FIG. 3, card control logic 70 in-
cludes an output driver 72 to generate the card ready/-
busy RDY/BSY signal. Output driver 72 has its output
connected to the card ready/busy output pin
RDY/BSY and its input connected to a common node
75 via a single signal line 66 to receive the card ready/-
busy output RDY/BSY. Therefore, driver 72 only
drives the card ready/busy RDY/BSY signal through
card control logic 70.

Node 75 1s coupled to the V¢ power supply via a
resistor 65. Node 75 is also coupled to the RY/BY out-
put pin of each of flash EPROMSs 62a-62j and 63a-63].

FIG. 4 1llustrates in more detail the generation of the
card ready/busy indication signal. As can be seen from
FIG. 4, the RY/BY output pin of each of flash
EPROMs 62a-62j and 63a-63; are tied together to node
75. This causes the RY/BY output of each of flash
EPROMs 62a-62j and 63a-63; to be logically ANDed
at node 75. This, in turn, generates the card ready/busy
RDY/BSY signal to card control logic 70 via a single
signal line 66. Card control logic 70 is connected to
signal line 66 via a single input pin. This significantly
reduces the pin count of card control logic 70.

In addition, card control logic 70 uses driver 72 to
pass the card ready/busy output signal to the
RDY/BSY output pin of flash memory card 40. This
eliminates the respective registers for storing the indi-
vidual RY/BY signal from each of flash EPROMis
62a-62j and 63a—63; in card control logic 70, and simpli-
fies the logic of card control logic 70.

By eliminating the registers in card control logic 78,
it 1s not needed to communicate with the attribute mem-
ory region in card control logic 70 during a memory
operation. The external host computer only needs to
access the common memory region that includes flash
EPROMs 60. This simplifies the flash file system soft-
ware running in card control logic 70, which in turn
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allows fast access for the memory operation. In addi-
tion, no mapping is required and less system hardware
and software in card control logic 70 1s needed.

Referring to FIG. 5, flash EPROM 80 also includes a
power down pad PWD 87 for receiving the global
power down control signal CPWD. Flash EPROM 80
also includes a register 89 coupled to control circuit 82
for receiving a software activated power down control
signal PWD_SW. The two signals are applied to an
AND gate 88 to generate the power down control sig-
nal PWD for flash EPROM 80. The global power down
CPWD signal is supplied from power control logic 71 of
card control logic 70. This arrangement enables individ-
ual flash EPROM to be powered down by the software
control. It also allows global hardware power down of
all the flash EPROMs within a flash memory card.

In the foregoing specification, the invention has been
described with reference to specific embodiments
thereof. It will, however, be evident that various modi-
fications and changes may be made thereto without
departing from the broader spirit and scope of the in-
vention as set forth in the appended claims. The specifi-
cation and drawings are, accordingly, to be regarded in
an illustrative rather than a restrictive sense.

What is claimed 1s: .

1. A nonvolatile memory, comprising:

(A) a memory array;

(B) a control circuit coupled to the memory array for
controlling memory operations with respect to the
Iemory array;

(C) an output pad for applying a signal to an external
circuit indicating that the control circuit is busy
with respect to one of the memory operations;

(D) a circuit coupled to the output pad and the con-
trol circuit for connecting the output pad to a
ground potential to generate the signal at the out-
put pad, wherein the circuit further comprises an
open drain transistor circuit coupled between the
output pad and the ground potential such that the
output pad of the nonvolatile memory can be tied
together with an output pad of another nonvolatile
mMmemory;

(E) an input pad for receiving a global power down
control signal;

(F) a power down control register coupled to the
contro! circuit for receiving a software power
down conirol signal;

(G) a logic gate coupled to the input pad and the
power down control register for performing a
logic function to the global power down control
signal and the software cower down control signal
such that the nonvolatile memory can be cowered
down by one of the global power down control
signal and the software power down control signal.

2. The nonvolatile memory of claim 1, wherein the
transistor has a gate coupled to receive a control signal
from the control circuit that controls the transistor to
couple the output pad to the ground potential.

3. The nonvolatile memory of claim 2, wherein the
circuit further comprises a register circuit for storing
the control signal from the control circuit.

4. The nonvolatile memory of claim 2, wherein the
“circuit further comprises a pulse generation circuit for
supplying the control signal from the control circuit to
the transistor in a pulse format.

5. The nonvolatile memory of claim 3, wherein the
control circuit generates the control signal to cause the
circuit to couple the output pad to the ground potential
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when the control circuit is busy with respect to one of
the memory operations.

6. The nonvolatile memory of claim 5, wherein the
one of the memory operations is an erasure operation.

7. The nonvolatile memory of claim 1, wherein the
memory array includes memory cells that are electri-
cally programmable and electrically erasable.

8. A memory card for use in a computer system,
comprising:

(A) a plurality of nonvolatile memories, wherein each

of the memories further comprises

(i) a pad for applying a busy signal indicating that a
respective one of the memories is busy with
respect t0 a memory operation;

(ii) a circuit coupled to the pad and a control circuit
for coupling the pad to a ground potential in
order to generate the busy signal at the pad,
wherein the circuit further comprises an open
drain transistor circuit coupled between the pad
and the ground potential, wherein the pad of
each of the memories is coupled to a node exter-
nal to the memories;

(iii) an input pad for receiving a global power
down control signal;

(iv) a power down control register coupled to the
control circuit for receiving a software power
down control signal;

(v) a logic gate coupled to the input pad and the
power down control register for performing a
logic function to the global power down control
signal and the software power down control
signal such that the nonvolatile memory can be
powered down by one of the global power down
control signal and the software power down
control signal;

(B) a resistive circuit coupled to the node for cou-
pling a first voltage to the node, wherein when
each of the memories does not output the busy
signal at the pad, the node assumes a voltage which
is approximately equal to the first voltage, wherein
when at least one of the memories outputs the busy
signal, the node assumes the ground potential;

(C) a card control logic for interfacing the memories
with an external circuit, wherein the card control
logic further comprises
(a) an output pin for supplying a card busy signal to

the external circuit when at least one of the mem-
ories is indicated to be busy with respect to the
memory operation;

(b) an input pin coupled to the node for receiving
the card busy signal at the node, wherein the
input pin receives the card busy signal when the
node assumes the ground potential;

(c) a pass logic coupled to the input and output pins
for passing the card busy signal directly from the
input pin to the output pin such that the card
control logic has minimized pin count.

9. The memory card of claim 8, wherein the transistor
has a gate coupled to receive a control signal that con-
trols the transistor to couple the pad to the ground
potential in order to supply the busy signal.

10. The memory card of claim 9, wherein the circuit
further comprises a register circuit for storing the con-
trol signal.

11. The memory card of claim 9, wherein the circuit
further comprises a pulse generation circuit for supply-
ing the control signal from the control circuit to the
transistor in a pulse format.
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12. The memory card of claim 8, wherein the mem-
Ory operation Is an erasure operation.

13. The memory card of claim 8, wherein the resistive
circuit further comprises a resistor.

14. The memory card of claim 8, wherein each of the
plurality of memories includes memory cells that are
electrically programmable and electrically erasable.

15. The memory card of claim 8, wherein the pass
logic is a single output driver for driving the card busy
signal from the input pin to the output pin.

16. The memory card of claim 8, wherein the card
control logic further comprises a power down control
logic for generating the global power down control
signal to the input pad of each of the nonvolatile memo-
ries such that the card control logic has minimized pin
count to enable high storage capacity.

17. A nonvolatile memory, comprising:

(A) a memory array;
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(B) a control circuit coupled to the memory array for
controlling memory operations with respect to the
MEemory array;

(C) an input pad for receiving a global power down
control signal;

(D) a power down control register coupled to the
control circuit for receiving a software power
down control signal;

(E) a logic gate coupled to the input pad and the
power down control register for performing a
logic function to the global power down control
signal and the software power down control signal
such that the nonvolatile memory can be powered
down by one of the global power down control
signal and the software power down control signal.

18. The nonvolatile memory of claim 17, wherein the

logic gate 1s an AND gate.
¥ %

* k%
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